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DELAY LINE OSCILLATORS

Prepared by:
Willlam S. Carley

ABSTRACT: A delay line osclllator is described the
frequency ¢f which is controlled by varying the
termination resistance of a delay line. The frequency
of oscillation 1s linear within # 1% over a 22.8
bandwidth with output voltage variations of % 0.75 db
at a center frequency of 212 kc. Similar performance
should be attainable up to at least 20 mc.
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The results of a preliminary investigation into the
feasibility of deley line oscillators are given in
this report. References are made in the text to the
following publications. '
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» Research Task No. FR-29-54. This report is internded for
information only and i1s not necessarily tc be used as
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DELAY LINE OSCILLATORS

I. INTRODUCTION

1. The circuit diagram of a delay iine »/8 long
terminated in a resistance load less than the charac-
teristic 1mpedance of the line and its equivalent
circuit 1s shown in Figure 1. The equivalent circuit
may be derived from a Smith Chart as shown in Figure
3. The Smith Chart 1s normalized about the character-
istic impedance 20 thus R € Zo means B < 1 and
Zo
X/2Z0 = o. The locus of the terminating resistances
is AO, The lccus of impedances at the input to the
line 1s A'0O. The point A (normalized R = 0, X = 0)
transforms into A' (normalized R = 0, i = rl) The
locus of the impedance at the input of the 1line is
an inductive reactance aiid a resistance in series.
As normalized resistance at the lcad increases from
zero to R = 1 the normalized input impedance starts
with R = 0, X = 41 and varies to R =1, X = O,

2. The case of a 1line terminated in a resistance greater
than the characteristic impedance is shown in Figure 2.
The equivalent circuit is agair derived from Figure 3.
In this case the locus of the terminating impedance
varies from B = ¢ to B = 1 along the 1line & , O.
Zo Zo

The 1nput impedance of the line lies along the line

&’ , 0. This case 1s identical with the previcus
example except that the sign of the reactance is reversed,
Because of this simllarity in t;pe and because of the
practical difficulty of nsing a very high impedance
termination effort was concentrated on the case of Figure
1. A plot of the normalized terminating resistance vs
normalized input reactance and resistance 1s shown in
Figure 4. The input resctance 1is quite linear over the
range of normalized terminating resistance of 0.3 to
0.9. The input resistance however is rising rapidly
for termination resistances greater than 0.5. This will
cause the effective Q of this line when uszd as a tank
¢ircuit to be lowered.

I1. DELAY LINE OSCILLATOR CIRCUITRY

5o The large change o 1input reactance as the termination
resistance 1s varied and the availability of high charsacter-
istic impedance declay lines indicated an application of
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thls phenomena to a varlable frequency oscillator tuned

by a variation of terminating resistance. Figure 5 shows
the circuilt diagram of a Colpitts Oscillator. Figure 6
shows the circuit diagram of this oscillator with the

vank inductance replaced by a delay line with a variable -
terminating resistance. The constants of the circuit are
shown for a particular line which was A/8 long at 212 kc.
The capacitances C, and C, were chosen such that the

cscillator tuned to 212 kc with a terminating resistance of
860 ohms keeping ¢, = 301. The circult oscillated over

a range of termination resistances of from O - 2650 ohms.

The upper 1imit corresponding to R = 9.38. At this point
Zo

the equivalent series resistance is quite high (about 4700

ohms from Figure 4) such that the losses become too great

to sustain oscillations.

L, Figure 7 shows a plot of the frequency of oscillation
vs terminating resistance. From this graph it is obvious
that the frequency of oscillation is guite linear with
change in terminating resistance, One should note that
the line is 0.119 A long at 201$ kc and 0.153 A long
at 259 kec. The data from Figure 7 was nocrmalized and
plotted on a Smith Chart as Figure 8. The actual value of
the equivalent resistance of the inductance of Filgure 1 at
259 kc 1s 0.9 normalized or 6300 ohms.,

5. Figure 9 shows the amplitude of the unloaded output
voltage vs terminating resistance., The output voltage is
quite constant over a broad range of terminating resistance.

6. From Figures 7 and 9 we can observe that over a 22.8%
bandwidth (208.5 - 259.5 kc) the amplitude is flat within

+ 0,75 db with a frequency linearity of 1% with respect to
terminating resistance. The reference line 1s shown dotted
cn Figure 7. Cver narrower limits the frequency 1is even
more linear.

7. The delay line oscillator was tried in the Hartley
Circuit, that is, the delay line acting as a variable
capacitance as in Figure 2. Although oscillations were
obtained there was a tendency of the oscillator to jump
frequency, possibly due to operation on several mcdes.

This oscillator should be inferior tc the Colpitts version
as cnly coils and a delay line are used; while capacitors
and a delay line are used i{n the Colpitts. The circuit Q
would be lower and thus the osciliator would probably have
less stability. For this reason no further work was done
ori this circuit.
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8. Using multilayer delay lines of reasonable size it
should be possible to increase the center frequency by

a facter of about 10 or decrease the center frequency

by & factor of about 5. Using special single layer delay
lines of the same characteristic impedance it should be
possible to increase the center frequency by a factor of
about 100. With special line construction and allowing

C; and C, of Figure 6 to be the interelectrode capacitances
o} the tube it might be possible tc extend the oscillating
frequency even higher. In any case C, and C2 should be

scaled to the frequency cf operation.
III. CONCLUSIONS

9. The feasibility of delay line oscillators for a large
relative tandwidth has been demonstrated. The variable
resistance at the termination of the line may te replaced
by electronic circuits. If the characteristic impedance
were increased to 10,000 ohms the bandwidth should be
increased to about 2}% with the same linearity (about 1%)
with respect to terminating resistance.
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FIG.! DELAY LINE TERMINATED IN A RESISTANCE i1.£SS THAN THE
CHARACTERISTIC IMPEDANCE AND ITS EQUIVALENT CIRCUIT

DELAY LINE
\/g
b e
— —ren
+4Z
S i ®» 7T
Q g Q

FIG.2 DELAY LINE TERMINATED IN A RESISTANCE GREATER THAN THE
CHARACTERISTIC IMPEDANCE AND ITS EQUIVALENT CIRCUIT
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FIG.3 NORMALIZED INPUT IMPEDANCE ve NORMALIZED OUTPUT RE
A 2\/8 SECTION OF LINE ON A SMiTH GHART
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£16.8 INPUT IMPEDANGE FOR DELAY LINE OSGILLATOR PLOTTED IN A SMITH GHART
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